Background Record linkage of routine hospital data to population-based research findings presents an opportunity to explore the relationships between classical risk factors and hospital activity.
Introduction
The relationship between a variety of 'risk factors' and the incidence of a spectrum of medical disorders is now well established. For example, smoking and lung cancer, high blood pressure and stroke, and cholesterol and coronary heart disease have emerged as causal links. 1 What is less well studied is the relationship between these factors and the risk of subsequent hospital admission. It is reasonable to assume that there will be similar links between risk factors and the risk of hospital admission but it cannot be assumed that the relationships are identical or that policies for managing demand for hospital care can be based simply on disease incidence and prevalence. Indeed, a better understanding of the relationship between risk factors and hospital utilization is important because all health services in developed economies are experiencing increasing demands on hospital care, 2, 3 and strategies are being developed to control this escalating demand. This is particularly true of the major causes of admission to acute medical wards, where the rise in admissions has been largest in recent years. from cohort studies in which risk factors are assessed before a period of follow-up during which disease-specific reasons for hospital admission are recorded. One cohort for which such data are available is the Paisley and Renfrew MIDSPAN cohort. This large, initially middle-aged cohort had assessment of risk factors and other baseline measures carried out between 1972 and 1976. 5 The subsequent linkage of that cohort's records with the Scottish morbidity recording scheme (SMR) data presents an opportunity to analyse the effect of such variables on the likelihood of subsequent hospital-based morbidity over a lengthy follow-up period.
Methods

Aim
The aim of this study was -through utilization of a specially created 'linked' database -to examine the effect of the risk factor variables measured at the start of the MIDSPAN study (body mass index, blood sugar, cholesterol, blood pressure, deprivation category, forced expiratory volume, smoking status, as well as age and sex) on the likelihood of subsequently experiencing an acute hospital admission (note that here, as elsewhere in the paper, the generic term 'admission' is used to describe hospital episodes, although SMR data are in fact recorded on discharge or transfer from hospital or death) with recorded principal diagnosis of the following:
(1) any malignant neoplasm; (2) malignant neoplasm of trachea, bronchus and lung; (3) ischaemic heart disease; (4) respiratory disease; (5) cerebrovascular disease; (6) diabetes mellitus.
These conditions were chosen because they represent important and common causes of admission. The general pattern of hospital admission in the cohort has already been reported. 6 The analysis of disease-specific hospital morbidity presented in this paper provides further and more detailed information.
Original MIDSPAN study
The MIDSPAN study has been described in detail elsewhere. 5 Briefly, questionnaires to establish personal (e.g. age, address, occupation) and health-related details (e.g. smoking status) were issued to 8349 women and 7057 men, aged 45-64, and representing approximately 80 per cent of the eligible population of the two West Central Scotland industrial towns. The questionnaires were accompanied by a detailed health screening exercise, which, among other items, recorded levels of cholesterol, diastolic and systolic blood pressure, forced expiratory volume (FEV1), blood sugar, and height and weight [from which body mass index (BMI) was calculated]. Deprivation category 7 and social class were later assigned, based on postcode and occupation. This resulted in the formation of a linked dataset containing the complete Scottish NHS hospital-based morbidity history of every cohort member over a 23 year period and the death record where appropriate. The acute hospital discharges dataset (SMR1 recording scheme) in Scotland captures data on principle causes for admission, procedures performed, length of stay and a variety of personal detail for each hospital admission or transfer.
FEV1 and the calculation of 'relative FEV1'
The level of impaired pulmonary function represented by the recorded FEV1 was estimated by creating a new variable, 'relative FEV1', using a method and data previously employed with, and derived from, the MIDSPAN cohort. 10 Predicted values of FEV1 were derived from linear regression of age and height, and the 'relative FEV1' was calculated as a percentage of the predicted value.
Logistic regression analysis
A logistic regression model, 11 created within the SPSS statistical software package, was created for each of the six diseases listed above. The required outcome variables were added as binary markers to the index records of the dataset. Both univariate and multivariate models were analysed, but given the importance of controlling for the effects of all the other risk factor variables, it is the results of the latter type of model that are reported here. All the risk factor 'predictor' variables were, therefore, included in the models, with the exception of social class and systolic blood pressure. Social class was omitted because of its high correlation with deprivation category. Diastolic blood pressure, systolic blood pressure and pulse pressure were investigated separately and in combination, but diastolic blood pressure was retained in the model because it was the best predictor of outcome.
The variables cholesterol, diastolic blood pressure and relative FEV1 were included in the models as continuous variables: in the results tables, the odds ratios of these three variables are shown for specified unit of increase (per 1 mmol/l increase in cholesterol, per 10 mmHg increase in diastolic blood pressure and per 10 per cent increase in relative FEV1). The other predictor variables were categorized as shown in Table 1 .
The ICD8 and ICD9 codes used in the analysis of diseasespecific morbidity are shown in Table 2 .
Results
Record linkage to create a new MIDSPAN-linked database
The original Paisley-Renfrew MIDSPAN dataset was successfully linked to the Scottish morbidity recording schemes (SMR1 -acute admissions, SMR4 -mental health admissions, SMR6 -cancer), Registrar General (RG) death registrations, and the CHI extract for the local area. Eighty-six per cent of the cohort linked to either an SMR or death record using wellestablished techniques. 8, 9 The link to the RG death file and CHI extract showed that at the end of 1995 more than half the cohort (55.8 per cent) were still alive, with the link to the CHI showing that the vast majority of these survivors (84 per cent) were still resident in the area.
Acute hospital activity
Seventy-nine per cent of the cohort (n ¼ 12 225) experienced at least one acute hospital stay over the 23 year period. This represents an average of 4.6 episodes per cohort member, with a mean length of stay per episode of 11.9 days. Mean hospital RISK FACTORS AND HOSPITAL ADMISSIONS 83 length of stay in the earlier period was higher than that in later years (for example, 13.8 days in 1975; 5.6 days in 1995). The most frequently occurring SMR1 principal diagnosis grouping was diseases of the circulatory system (23.2 per cent of all acute episodes, n ¼ 13 110), followed by neoplasms (17.4 per cent, n ¼ 9832). Multiple admissions were observed in all diagnostic categories; for example, although diseases of the circulatory system accounted for a total of more than 13 000 episodes, this represents only 5027 persons (an average of 2.6 episodes per patient).
Effect of risk factor variables on likelihood of experiencing a hospital admission with principal diagnosis of any malignant neoplasm (Table 3) Age, smoking, cholesterol and sex were all very highly significant ( p < 0:001) in their association with admission with a malignant neoplasm, with diastolic blood pressure ( p < 0:05) also significant and included in the final model. . Those who were overweight or obese were more likely to be admitted with ischaemic heart disease than those of normal weight Additionally, the small number of cohort members with abnormal levels of blood sugar were found to be twice as likely to be admitted than those with normal levels of blood sugar [OR 2.03 (1.28-3.21)].
Age did not have a significant effect on likelihood of such an admission.
Although not shown here, a separate model was also created to examine the more specific outcome of admissions for acute myocardial infarction. Unsurprisingly, the same variables as above were found to be influential.
Effect of risk factor variables on likelihood of experiencing a hospital admission with principal diagnosis of respiratory disease (Table 4)
Relative FEV1, smoking status and sex were all very highly significant ( p < 0:001), as was age ( p < 0:005). Cholesterol and blood sugar were also included in the final model ( p < 0:05). A 10 per cent increase in relative FEV1 was followed by the likelihood of experiencing such an admission being reduced by 17 Effect of risk factor variables on likelihood of experiencing a hospital admission with principal diagnosis of cerebrovascular disease (Table 5) The effects of age, diastolic blood pressure and smoking on likelihood of such an admission were all very highly significant ( p < 0:0001). BMI was also included in the final model ( p < 0:05), and the influence of deprivation category ( p ¼ 0:05) can also not be ignored. Those in the top two age groups were more than twice as likely to experience this type of acute admission than the youngest age group [OR 2. Effect of risk factor variables on likelihood of experiencing a hospital admission with principal diagnosis of diabetes mellitus (Table 5) Blood sugar was by far the most significant variable ( p < 0:001), with the small number of cohort members with abnormal blood sugar more than 28 times more likely to be admitted than those with normal blood sugar levels [OR 28.36 (17.33-46.43)]. Body mass index was also highly significant ( p < 0:001): those who were obese were more than three times more likely to be admitted with diabetes [OR 3.19 (2.09-4.86)] than those of normal weight, and those who were overweight were also at higher risk of such an admission [OR 1.64 (1.14-2.36)]. Relative FEV1 was also important to the model as a whole ( p < 0:01), with likelihood of experiencing such an admission being reduced by 9 per cent [OR 0.91 (0.86-0.97)] per 10 per cent increase in relative FEV1.
Discussion
The fact that, for example, smoking is related to the risk of admission to hospital with lung cancer is in itself unsurprising. None the less, before embarking on this study, a range of local experts were asked by the authors for their estimation of the size and relative importance of the effect of classical risk factors on disease-specific hospital admission, and most answered that the data were simply not available. The value of this paper, therefore, is that it demonstrates how record linkage can establish the absolute scale and relative importance of these relationships, and documents the evidence of association from an important population-based study. The absolute demand for hospital services in this ageing cohort was high; 79 per cent of the cohort experienced at least one acute hospital stay and the age-specific proportions of cohort members requiring admission have increased over time. However, this pattern of high demand in the elderly with rising rates of admission in recent years mirrors the picture in the rest of Scotland. 3 Within Scotland, medical admissions have accounted for a large proportion of the detected rise in admissions. 3, 4 Analysis of risk factors (using Cox's proportional hazards model) has already shown forced expiratory volume (FEV1), age, sex, smoking status, blood pressure, blood sugar, body mass index, cholesterol and deprivation category to be important predictors of admission (for any reason). 6 The diagnoses under investigation in this paper are some of the most common reasons for medical admission to hospital. Taken together, malignant neoplasms, ischaemic heart disease, respiratory disease and strokes (cerebrovascular disease) accounted for 34 per cent of all acute hospital episodes recorded by members of the cohort between 1972 and 1995. Admissions for diabetes accounted for only 0.6 per cent of all acute episodes but diabetes was included in this analysis as it requires large inputs from out-patient departments and primary care. These conditions therefore constitute some of the major causes of medical admission and are of interest because they are associated with known risk factors and, consequently, may be amenable to disease prevention strategies.
Smoking emerges as the single most important risk factor investigated. Those who were smoking at the time of screening ('current smokers') were almost eight times more likely to be admitted with lung cancer, 31 per cent more likely to be admitted with any malignant neoplasm, 47 per cent more likely to be admitted with ischaemic heart disease, 56 per cent more likely to be admitted with respiratory disease and 38 per cent more likely to be admitted with a stroke (cerebrovascular disease). Even those who were 'ex-smokers' at the time of screening carried high risks of hospital admission from a variety of causes. Compared with those who had never smoked, 'ex-smokers' were 2.5 times more likely to be admitted with lung cancer, 43 per cent more likely to be admitted with ischaemic heart disease and 30 per cent more likely to suffer respiratory disease within the period of follow-up. This suggests that strategies to increase the proportion of the population who have never smoked would have a major impact on age-specific hospital utilization and may decrease overall demand for hospital admission (or at least decelerate the current increase in demand). However, smoking cessation may have a less dramatic impact on hospital admissions.
FEV1 was also shown to be a significant, and independent, predictor of admission with lung cancer and strokes. FEV1 has emerged from analysis of the MIDSPAN cohort 10 and other studies 12 to be an important predictor of mortality. The findings of this study add to the evidence that FEV1 is an important biological marker of subsequent morbidity even if strategies are not available to alter the risk associated with low relative FEV1. What is clear, however, is that patients with a low relative FEV1 require even more vigorous action to be applied to other modifiable risk factors, particularly smoking.
The relation between plasma cholesterol concentration and the risk of admission for coronary heart disease was as expected: higher levels of cholesterol were associated with increased risk of admission. However, the risk of admission with cancer (including lung cancer) decreased with higher levels of cholesterol. These results mirror those for incidence and mortality previously reported for the MIDSPAN cohort 13 and other populations.
14 In these studies all-cause mortality was not related to plasma cholesterol concentration. This was largely a consequence of a positive relation between cholesterol values and mortality from coronary heart disease being balanced by inverse relations between cholesterol and cancer and between cholesterol and other causes of death. None the less, population interventions to reduce the mean level of cholesterol should have a beneficial effect on the overall demand for hospital admissions.
Body mass index, as expected, had a highly significant effect on likelihood of admission for diabetes mellitus, ischaemic heart disease (including acute myocardial infarction) and strokes. This adds to the evidence that being overweight or obese carries a degree of independent risk in addition to the effect that BMI is known to have on blood pressure, decreased physical activity and cholesterol. 15, 16 It was notable that, with the single exception of admissions for cerebrovascular disease (strokes), deprivation category was found to have no significant and independent effect on the likelihood of experiencing any of the outcomes examined. It is important to note that significant associations were found for respiratory disease, strokes and lung cancer on univariate analysis, and deprivation category has been established as an independent risk factor in a previous analysis of this cohort using 'any hospital admission' and a 'serious hospital admission' as the outcome variable. 6 Individual and area based indices of deprivation have also been shown to independently predict the risk of cardiovascular disease mortality in this cohort. 17 Deprivation is therefore associated closely with morbidity, mortality and the overall demand for hospital admission but it is not an independent risk factor for the majority of conditions investigated in this analysis. The likely explanation is that living in an area of deprivation is linked to, for example, higher levels of smoking, poorer diet and lower FEV1, and that these more immediate risk factors are the dominant determinants of the six categories of admission under analysis. In other words, the link between deprivation and the causes of admission under investigation is through an association with the biological and behavioural risk factors. None the less, strategies to improve life circumstances and combat deprivation would probably reduce age-specific admission rates for these six categories by virtue of their positive effects on the more immediate risk factors.
Conclusions
This analysis has quantified the effect of various risk factors on the likelihood of subsequent hospital admission with a group of important medical conditions. Even after controlling for the effects of age and other risk-related variables, there is a substantial impact to be detected for several risk factors. The most notable of these is smoking, although high blood pressure, low FEV1 and abnormal body mass are also important. These results suggest that investment in strategies to combat smoking and improve other risk factors will have beneficial effects on the currently escalating number of hospital admissions. In doing so, the results also demonstrate the role and potential of record linkage in terms of both current evaluation and future monitoring of these effects.
The analysis also creates the possibility that the possible savings in hospital costs, arising from the prevention of smoking, obesity and other risk factors, could be estimated. However, a note of caution should be introduced because the lessons of history are that successful prevention usually results in demand for health care increasing in other ways rather than the materialization of savings that can be used for further prevention. None the less, the results of this study clearly point towards the importance of effective prevention as one part of a more generalized strategy to combat the pressures associated with a rise in hospital admissions.
